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Description 
TUBE ASSEMBLY AND METHOD 

Background 

[0001] piQi^ of the Disclosure. 

[0002] The invention relates generally to tube connections, and 
more particularly, to connecting a flow measurement tube 
to a base member. 

[0003] Discussion of Related Art. 

[0004] The measurement and control of fluid flow is extremely 
important in the process industries. Many manufacturing 
processes require extreme accuracy and repeatability in 
fluid delivery, and thus demand that the mass flow rate of 
process fluids be precisely measured and controlled. Vari- 
ous technologies are known for measuring mass flow. For 
example, mass flow measurement based on the Coriolis 
force effect provides a direct measurement of mass flow. 
In the case of the typical Coriolis force flow sensor, a flow 
sensing tube, through which fluid flow is to be estab- 
lished, is vibrated. Often the tube is in the shape of one or 



more loops. The loop shape is such that the mass flow 
vector is directed in opposite directions at different parts 
of the loop. The tube loops may, for example, be "U" 
shaped, rectangular, triangular or "delta" shaped or 
coiled. In the special case of a straight tube, there are two 
simultaneous angular velocity vectors that are coincident 
to the anchor points of the tube while the mass flow vec- 
tor is in a single direction. 

[0005] The angular velocity vector changes directions since, in a 
vibrating system, the direction of rotation changes. The 
result is that, at any given time, the Coriolis force is acting 
in opposite directions where the mass flow vectors or the 
angular velocity vectors are directed in opposite direc- 
tions. Since the angular velocity vector is constantly 
changing due to the vibrating system, the Coriolis force is 
also constantly changing. The result is a dynamic twisting 
motion being imposed on top of the oscillating motion of 
the tube. The magnitude of twist is proportional to the 
mass flow for a given angular velocity. 

[0006] A thermal mass flow instrument measures flow by routing 
a small portion of the fluid stream through a flow sensing 
tube. Heat is applied at the midpoint of the sensing tube, 
with temperature sensors located on either side of the 



heater. Each temperature sensor measures the tempera- 
ture of the fluid at its respective location. The first tem- 
perature sensor measures the temperature upstream of 
the heater. The second temperature sensor measures the 
temperature downstream of the heater and reflects a tem- 
perature corresponding to the fluid as heated by the 
heater. The temperature difference of the fluid on either 
side of the heater is proportional to the mass flow rate. 
[0007] The flow sensing tube in such flow measurement devices 
is typically connected to a base member, typically at or 
near the inlet and outlet ends of the tube. To provide reli- 
able operation, the tube connections must be solid and 
leak-free. Typically, the flow tube is brazed to the base 
member. Brazing produces a solid and leak free connec- 
tion but may have inferior corrosion resistance when 
compared to the tube material. Welding is a preferred 
joining technique. However, known manufacturing pro- 
cesses and tolerances often make it difficult to achieve 
satisfactory welded tube connection Joints, especially in 
low-flow applications, which require very small flow sens- 
ing tubes. 

[0008] The present invention addresses shortcomings associated 
with the prior art. 



Summary 

[0009] In one aspect of the present disclosure, a flow sensor tube 
assembly includes a base member having first and second 
generally opposing sides. An opening extends through the 
base member, and an end of a flow sensor tube is re- 
ceived in the opening. A filler material is situated in the 
opening surrounding the flow sensor tube adjacent the 
first side of the base member to attach the tube to the 
base member. A groove may be defined in the first side of 
the base member surrounding the opening forming a 
raised boss adjacent the opening to facilitate a brazing 
operation. The flow sensor tube is welded to the base 
member adjacent the second side of the base member. To 
achieve an improved weld in exemplary embodiments, a 
nipple is defined by the second side of the base member 
to better match the thickness of the parts being welded. 
Further, the nipple may be formed around the flow sensor 
tube so as to eliminate a gap between the opening and 
the flow sensor tube. 

[0010] A second opening may be provided to receive the oppo- 
site end of the flow sensor tube. This end of the tube may 
be connected to the base member in the same manner as 
the first end, with a filler material being situated in the 



second opening surrounding the flow sensor tube adja- 
cent the first side of the base member, and the second 
end of the flow sensor tube being welded to the base 
member adjacent the second side of the base member. 
[001 1] A method of attaching a tube to a base member includes 
inserting an end of the tube into an opening extending 
through the base member is also disclosed. Filler material 
is situated in the opening around the tube adjacent a first 
side of the base member to connect the tube to the base 
member. Additionally, the tube is welded to the base 
member adjacent a second side of the base member. The 
second side of the base member may be formed to the 
tube to eliminate a gap between the opening and the 
tube. In certain implementations, a conical nipple defined 
by the base member is formed using a clearance adjuster, 
or swage, to eliminate clearance between the opening and 

the tube. 
Brief Description of Drawings 

[0012] Other objects and advantages of the invention will become 
apparent upon reading the following detailed description 
and upon reference to the drawings in which: 

[0013] Figure 1 is a block diagram illustrating portions of a mass 
flow measurement device. 



[0014] Figure 2 is an exploded perspective view of a tube assem- 
bly in accordance with aspects of the present invention. 

[0015] Figure 3 is an assembled perspective view of the tube as- 
sembly shown in Figure 2. 

[0016] Figure 4 is a sectional view showing portions of the tube 
assembly shown in Figures 2 and 3. 

[0017] Figure 5 is a bottom view of the base member of the tube 
assembly shown in Figures 2 and 3. 

[0018] Figure 6 is a sectional view conceptually illustrating a 

clearance adjuster and portions of the tube assembly dis- 
closed herein. 

[0019] Figures 7 and 8 are sectional views of tube assemblies il- 
lustrating exemplary tube positions relative to a base 
member. 

[0020] While the invention is susceptible to various modifications 
and alternative forms, specific embodiments thereof have 
been shown by way of example in the drawings and are 
herein described in detail. It should be understood, how- 
ever, that the description herein of specific embodiments 
is not intended to limit the invention to the particular 
forms disclosed, but on the contrary, the intention is to 
cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as de- 



fined by the appended claims. 
Detailed Description 

[0021] Illustrative embodiments of tlie invention are described 
below. In the interest of clarity, not all features of an ac- 
tual implementation are described in this specification. It 
will of course be appreciated that in the development of 
any such actual embodiment, numerous implementation-spe- 
cific decisions must be made to achieve the developers' 
specific goals, such as compliance with system-related 
and business-related constraints, which will vary from one 
implementation to another. Moreover, it will be appreci- 
ated that such a development effort might be complex 
and time-consuming, but would nevertheless be a routine 
undertaking for those of ordinary skill in the art having 
the benefit of this disclosure. 

[0022] Figure 1 conceptually illustrates portions of a Coriolis 
based mass flow sensor. For sake of simplicity, portions 
of the disclosure are presented as implemented in a Cori- 
olis mass flow measurement device, however, the present 
disclosure is applicable to other devices requiring a se- 
cure, fluid-tight tube connection. For example, it would 
be a routine undertaking for one skilled in the art, having 
the benefit of this disclosure, to apply the concepts dis- 



closed to other flow measurement devices, such as a ther- 
mal mass flow measurement device. 
[0023] The Coriolis mass flow sensor 10 shown in Figure 1 in- 
cludes a flow sensor tube 12, with a drive device 14 situ- 
ated relative thereto so as to vibrate the tube 12. Pick-off 
devices 16 are positioned relative to the tube 10 so as to 
measure the twist in the tube 10 due to Coriolis force. The 
ends of the flow sensor tube 10 are attached to a base 
member that Is situated In a base housing 18 that would 
contain the device inlet and outlet connections. The ex- 
emplary flow sensor tube 10 shown In Figure 1 Is gener- 
ally "U" shaped, though other shapes, such as delta 
shaped, rectangular, colled, or straight tubes may also be 
used. 

[0024] Figure 2 Is an exploded perspective view of an exemplary 
flow sensor tube assembly 100 In accordance with aspects 
of the present invention. The sensor tube assembly 100 
Includes a base member 110 and a flow sensor tube 112. 
The base member 110 has openings 114 extending 
therethrough that receive ends of the flow sensor tube 
112. Generally, one end of the flow sensor tube 112 is the 
Inlet and the opposite end Is the outlet, such that fluid 
flow can be established In the flow sensor tube 112 to 



measure the flow rate. Figure 3 shows the flow sensor 
tube assembly 100 with the ends of the flow sensor tube 
112 received in the openings 114. 

[0025] Figure 4 is a sectional view showing the ends of the flow 
tube 112 received in the openings 114 in the base mem- 
ber 110. A filler material 120 is situated in the opening 
114 surrounding the flow sensor tube 112 adjacent a first 
side (top side as shown in Figure 4) of the base member 
110 to attach the tube 112 to the base member adjacent 
the first, or top, side of the base member 110. In exem- 
plary embodiments, a low temperature alloy material is 
used to achieve a brazed connection adjacent the top side 
of the base member 110. Silver braze alloys are suitable 
filler material for the braze joint. In other embodiments, 
solder or an adhesive such as epoxy are used for the filler 
material to attach the flow sensor tube 112 adjacent the 
first side of the base member 110. 

[0026] The flow sensor tube 112 is also connected to the base 
member 110 by a second joint 122 at the second side 
(bottom side as shown in Figure 4), where it is welded to 
the base member 110. The dual joint attachment of the 
flow sensor tube 112 to the base member 110 provides a 
secure, leak-free attachment. The weld attachment 122 



provides a fluid seal, and the brazed joint 120 provides 
structural attachment. 
[0027] In exemplary embodiments, the opening 114 has two 

segments 114a and 114b defining first and second diam- 
eters, respectively. The diameter of the first segment 114a 
is greater than the second diameter 114b, such that a ra- 
dial gap is formed around the tube 112 to provide space 
for the filler material 120. In certain embodiments using a 
braze filler material, induction heating is used to achieve 
the brazed Joint, since this provides adequate local heat 
and does not disrupt the tube 112. To facilitate the braz- 
ing process, the top side of the base member 110 defines 
a circular groove 150 to create a raised boss 152 that al- 
lows placement of an induction heating tool to achieve the 
brazed joint. 

[0028] When welding, it is desirable to match the thickness of the 
two parts being welded. The base member 110 is typically 
considerably thicker than the tube 112, especially in low 
flow applications using a very small tube. To more closely 
match the thickness of the plate to the thickness of the 
base member 110 to the wall of the tube 112, a nipple 
130 is formed into the bottom of the base member 110. 
Figure 5 is a bottom perspective view of the base member 



110 showing the nipples 130 defined by the base member 
110. 

[0029] In an exemplary flow tube assembly, the base member 
110 is about 0.330 inch thick, and the flow sensor tube 
112 has a wall thickness of about 0.001 inch. In this ex- 
emplary embodiment, the end of the nipple 130 tapers to 
about 0.001 inches (same as the tube wall thickness), 
which is where the weld is performed. 

[0030] In addition to matching the thickness of the parts being 

welded, it is preferable to reduce the gap between them to 
about 10% of the thickness of the parts. Manufacturing 
tolerances between the second segment 114b and diame- 
ter of the tube 112 may make it difficult to achieve the in- 
timate contact required between the flow sensor tube 112 
and the base member 110 to achieve a consistent weld 
and a fluid-tight joint. In the case of the exemplary em- 
bodiment cited above wherein the tube 112 has a wall 
thickness of 0.001 inch, the acceptable gap would be 
0.0001 inch. However, a typical tolerance for the outside 
diameter of the flow sensor tube 112 would be ±0.0002 
inch, which could result in an unacceptable 0.0004 inch 
gap. 

[0031] To achieve the intimate contact despite manufacturing 



tolerances, after insertion of the tube 112 into tlie open- 
ing 114 the base member 110 may be formed to eliminate 
the gap between the tube 112 and second segment 114a 
of the opening 114. As shown in Figure 4, a portion of the 
second segment 114b of the opening 114 is situated in 
the nipple 130. In exemplary embodiments, a clearance 
adjuster, or swage 140, is pressed onto the nipple 130 
with a controlled force to close any gap between the 
opening 114 and the flow sensor tube 112. Figure 6 con- 
ceptually illustrates a swaging process to form the base 
member 110 around the tube 112 in an exemplary tube 
assembly. Figure 6 shows the base member 110 inverted, 
so that the nipple 130 formed by the bottom side of the 
base member 110 is pointing upwards as viewed in the 
drawing. In the illustrated embodiment, the nipple 130 is 
generally conical, defining a taper of about 62°. The clear- 
ance adjuster 140 has a taper 142 of about 60° that inter- 
feres with the nipple 140 when a force is applied to the 
clearance adjuster 140 to swage the opening 114 around 
the tube 112, eliminating any clearance therebetween. 
[0032] Figures 7 and 8 illustrate some different tube positions/ 
weld geometries. In Figure 7, the tube 114 is situated 
such that the end of the tube 114 is generally flush with 



the nipple 130. In this situation, the weld would be done 
normal to the base member 110. In Figure 8, the tube 114 
protrudes from the base member 110. In this situation, 
the weld would be done at an angle. 
[0033] The particular embodiments disclosed above are illustra- 
tive only, as the invention may be modified and practiced 
in different but equivalent manners apparent to those 
skilled in the art having the benefit of the teachings 
herein. Furthermore, no limitations are intended to the 
details of construction or design herein shown, other than 
as described in the claims below. It is therefore evident 
that the particular embodiments disclosed above may be 
altered or modified and all such variations are considered 
within the scope and spirit of the invention. Accordingly, 
the protection sought herein is as set forth in the claims 
below. 



